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Abstract-The Resonant Recognition Model (RRM) is a 
physico-mathematical model developed for analysis of 
protein and DNA sequences.  Biological function of 
proteins and their 3D structures are determined by the 
linear sequences of amino acids.  Previously, the electron-
ion interaction potentials (EIIP) of amino acids have been 
used to determine the characteristic patterns of different 
proteins independent of their biological activity.  In this 
study, the effect of various other amino acid parameters 
on periodicity, obtained using the RRM, were assessed.  
Here, we are proposing new computational amino acid 
parameters that could be used successfully for protein 
analysis instead of EIIP within the RRM.  
 

I.  INTRODUCTION 
 

The Resonant Recognition Model is based on the finding that 
there is a significant correlation between spectra of the 
numerical presentation of amino acid and their biological 
activity [1,2].  With the rapid expansion of protein databases, 
the biological function of newly sequenced proteins and 
determination of their relationship with defined functional 
families has become a real problem.  Consequently, the de 
novo design of protein analogues with the desired biological 
activity is the ultimate goal of these studies.  The RRM is a 
model that interprets the protein primary sequence [1,2].  The 
RRM has been employed in this study to investigate the effect 
of various amino acid parameters on the determination of 
biological profile of the protein groups under examination. 
 

II.  METHODOLOGY 
 

The Resonant Recognition Model (RRM) interprets the protein 
linear information using signal analysis methods [1,2].  It has 
been shown that  certain periodicities (frequencies) within the 
distribution of energies of delocalised electrons along the 
protein are critical for protein biological function (i.e. 
interaction with its target). 
The RRM, used in this study, involves transformation of the 
amino acid sequence into a numerical sequence and then 
analysis of this sequence by appropriate digital signal 
processing methods (FFT, wavelets etc.).  To determine the 
common frequency components in the spectra for a group of 
proteins, the multiple cross-spectral function was used.  Peaks 

in this function denote common frequency components for 
the sequences analysed. Through an extensive study, the 
RRM has reached a fundamental conclusion: one RRM 
characteristic frequency characterizes one particular 
biological function or interaction [2,3]. 
Once the RRM characteristic frequency for a particular 
biological function or interaction has been determined, it is 
possible to identify then the individual amino acids so called 
“hot spots”, or domains that contribute mostly to the 
characteristic frequency and thus to protein’s biological 
function as well [3,4]. 
The RRM is based on the representation of the protein 
primary structure as a numerical series by assigning to each 
amino acid a physical parameter value relevant to the 
protein’s biological activity.  A number of amino acid 
indices (402 have been published up to now [9]) have been 
found to correlate in some way with the biological activity of 
the whole protein.  Previous investigations [1-5] have shown 
that the best correlation can be achieved with parameters, 
which are related to the energy of delocalised electrons of 
each amino acid.  These findings can be explained by the fact 
that the electrons delocalised from the particular amino acid 
have the strongest impact on the electronic distribution of the 
whole protein.  In previous studies [1-3], the energy of 
delocalised electrons (calculated as the electron-ion 
interaction pseudopotential, EIIP [5]) of each amino acid 
residue was employed.  The resulting numerical series then 
represented the distribution of the free electrons’ energies 
along the protein.  The values of EIIP for each amino acid 
were mathematically obtained from an approximate 
pseudopotential model [5].  This numerical series was then 
converted into a discrete Fourier spectrum, which carried the 
same information content about the arrangement of amino 
acids in the sequence as the original numerical sequence 
[1,2].   
Although the EIIP was used successfully in our previous 
studies, recently we have shown that similar, consistent 
results could be obtained by using Ionisation Constant of 
amino acid (IC) parameter value instead of the EIIP to 
represent each amino acid in the sequence [6-8].  IC is a 
measurable physical parameter and is more exact in 
comparison with EIIP, which was calculated and includes a 
lot of approximations.  Furthermore, we have analysed also 
different amino acid properties presented in AAIndex 
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Database [9].  Each of the 20 amino acids has multifaceted 
properties that are responsible for the specificity and diversity 
of protein structure and function.  A large body of 
experimental and theoretical research has been performed to 
characterize different kinds of properties of individual amino 
acids and to represent them in terms of the numerical index.  
The Cluster analysis of amino acid indexes method finds the 
best sets of parameters that discriminate different groups of 
sequence data [9].  One of the important factors in this 
analysis is how the amino acid sequence should be 
represented.  The amino acid sequence may be considered as 
a sequence of numerical values reflecting various aspects of 
amino acid residues, such as: hydrophobicity and bulkiness. 
An Amino Acid Index (K. Tomii and M. Kanehisa et al., 
2000) is a set of 20 numerical values representing any of the 
different physicochemical and biochemical properties of 
amino acids. 
Once the database was established, correlation calculations 
were carried out (using Microsoft Excel program) sequentially 
between each of the database's parameters and the referential 
EIIP values in order to test for any linear relationship between 
them.  Parameters having correlation coefficients in excess of 
+/- 0.5 were deemed to be the most strongly correlated with 
EIIP and were thus isolated [11]. Those selected parameters 
were: P001-α-CH chemical shifts, H085-Localised electrical 
effect and H371- Normalized frequency of chain reversal D 
[9]. 
Sequences from six protein functional groups were analyzed. 
Each amino acid in the sequence was represented by 
corresponding value of selected parameters instead by EIIP 
value as it was done previously.  Numerical series obtained in 
this way were analyzed and a multiple cross-spectral analysis 
was performed for each protein group.  Results obtained 
revealed that P001, H085 and H371 amino acid parameters 
can be used for protein structure/function analysis within the 
RRM, so far as they satisfied all RRM criteria.  However, 
those three parameters were not equally efficient accordingly 
to correlation coefficient and S/N values.  It is important to 
mention that the correlation coefficients values of studied 
parameters P001, H085 and H371 are smaller than the 
corresponding correlation coefficient values of IC with EIIP.  
Based on our previous investigations we could conclude that 
the significance of correlation between selected parameters is 
then reflected into the analogy of consensus spectra of 
analyzed proteins and the similarity of characteristic 
frequencies.  Thus, the correlation coefficient value of studied 
parameter could be considered as one of the major factors 
influenced on the selection of the analyzed parameter for its 
further usage for protein analysis within the RRM.  Finally, 
after comparison obtained results we have concluded that 
selected parameters P001, H085 and H371 wouldn't be solely 
the best parameters to use in further protein modeling within 
the RRM. 
Therefore, in this study we have tried different mathematical 
combinations of selected amino acid parameters (IC, P001, 
H085 and H371) with the aim to find among them the most 
correlated with EIIP parameter.  This new parameter should  

be more significantly correlated with EIIP than selected 
above parameters.  
As a result of our calculations, we are proposing here new 
computational parameter EEIC.  This parameter is a simple 
mathematical combination of two selected previously 
parameters: IC (Ionisation constant of amino acid) and H085 
(Localised electrical effect).  We have chosen this parameter 
because of his strong correlation with the EIIP (correlation 
coeficient is -0.807).   
Here, we have analysed and compared the following amino 
acid parameters: EIIP, IC, EE (H085 in previous study, 
renamed for further convinience) and computational 
parameter ICEE (ICEE=IC-EE).  The selected parameter 
values are presented in Table 1. 
 

TABLE 1. 
Analysed parameter values and their correlation coefficients 

with EIIP. 
 Parameter 

Amino Acid EIIP IC EE ICEE 
L 0 2.40 -0.01 2.41 
I 0 2.40 -0.01 2.41 
N 0.0036 2.20 0.06 2.14 
G 0.0050 2.46 0.00 2.46 
V 0.0057 2.35 0.01 2.34 
E 0.0058 2.30 0.05 2.23 
P 0.0198 2.00 0.00 2.00 
H 0.0242 2.30 0.08 2.22 
K 0.0371 2.20 0.00 2.20 
A 0.0373 2.30 -0.01 2.31 
Y 0.0516 2.20 0.03 2.17 
W 0.0548 2.37 0.00 2.37 
Q 0.0761 2.06 0.07 2.01 
M 0.0823 2.17 0.04 2.13 
S 0.0829 2.10 0.11 1.99 
C 0.0829 1.96 0.12 1.84 
T 0.0941 2.09 0.04 2.05 
F 0.0946 1.98 0.03 1.95 
R 0.0959 1.82 0.04 1.78 
D 0.1263 1.88 0.15 1.73 

Cor. Coef.  -0.794 0.564 -0.807 
 

III.  RESULTS. 
 

Sequences form different functional groups (glucagon, 
lysozyme, hemoglobin, cytochrome C, EGF, TGF, PDG, 
TNF, interleukin, myoglobin, viral oncogen, proto-oncogene, 
oncogene, and p53 protein) were investigated.   
A multiple cross-spectral analysis was performed for each 
protein group using selected parameter values.  As a result 
protein characteristic frequencies for each protein functional 
group were obtained.   
The signal-to-noise value for the characteristic frequency 
was calculated as the ratio between signal intensity at the 
particular peak frequency and the spectrum mean value.   
The peak frequency and S/N values for each protein group 
are shown in Table 2. 
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IV. DISCUSSION 
 

The assumption is that each specific biological function is 
characterised by a single frequency.  Results obtained have 
shown that all selected for analysis parameters (IC, EE and 
ICEE) generate in consensus spectrum one dominant peak 
corresponding to common biological activity of selected 
proteins and are performed accordingly to criteria determined 
within the RRM.   
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Fig. 1.  Multiple cross-spectral function of Lysozyme using 

EIIP parameter. 
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Fig. 2.  Multiple cross-spectral function of Lysozyme using 
IC parameter. 

 
It could be observed form the Table 2. For Lysozyme, 
Hemoglobin, Cytochrome C, EGF, TGF, PDG, TNF, 
Interleukin, Proto-oncogene, Oncogene and P53 proteins the 
same characteristic frequencies were obtained using 
parameters IC and ICEE.  This similarity is very expectable, 
as both parameters are strongly correlated (0.9837).  Their 
high correlation is reflected then in the analogy of consensus 
spectrum. 
It should be noted that for Lysozyme, Hemoglobin, 
Cytochtome C, EGF and TGF the same characteristic 

frequencies were obtained using parameters EIIP, IC and 
ICEE. 
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Fig. 3.  Multiple cross-spectral function of Lysozyme using 
EE parameter. 
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Fig. 4.  Multiple cross-spectral function of Lysozyme using 
ICEE parameter. 

 
This fact could be explain also by the significant correlation 
between these parameters.  The analogy of the peak 
frequencies implies that in this particular frequency the 
analyzed protein group reveals the same specific biological 
function.  Of interest is that using all analysed parameters 
EIIP, IC, EE and ICEE we could gain the same characteistic 
frequencies only for two protein groups: EGF and TGF.  
Furthermore, for Viral oncogene we obtained the similarity 
of frequencies using parameters EIIP and EE.   
It could be also observed from the Table 2. that characteristic 
frequencies are different for the other protein groups.  It 
could be explained by the fact that frequencies are different 
for different biological functions.  Thus, each of analyzed 
parameters EIIP, IC, EE and ICEE allows us to detect a 
single frequency or frequencies, which are relevant to the 
specific biological function(s) of the studied protein 
sequences.   
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V. CONCLUSION 
 

The aim of this study was to test the possible usage of 
proposed parameters IC, EE and ICEE instead of the EIIP for 
structure/function analysis of different proteins within the 
RRM.  Results obtained reveal that among selected and 
comparable amino acid parameters only IC and ICEE are 
currently the most appropriate parameters for RRM analysis 
of different unrelated protein families.  We can conclude this 
as far as these two parameters are satisfy all RRM criteria, 
generate one prominent peak corresponding for biological 
activity of whole protein group and are highly correlated with 
EIIP.  Despite it is still difficult finally to conclude which 
parameter would be solely the best parameter to use in the 
RRM.  The selectivity of protein interactions within the 
amino acid sequence could be identified if appropriate 
physical parameters are used.  Thus, more research needs to 
be done in this direction.  Therefore, we plan to measure for 
the first time the dielectric properties of twenty single amino 
acids and investigate the possible usage of these new values 
in the RRM.  These newly measured parameters will replace 
then the EIIP values, which were mathematically calculated 
from an approximate pseudopotential model [7]. 
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TABLE 2. 
Peak frequency and signal-to-noise values for protein groups. 

 Parameter 
Protein  EIIP IC EE ICEE 
group Freg S/N Freq. S/N Freq. S/N Freq. S/N 

Glucagon 0.0879 122.0 0.0859 94.0 0.1523 140.1 0.3340 91.8 
Lysozyme 0.3281 238.0 0.3281 249.0 0.0742 167.3 0.3281 248.8 
Hemoglobin 0.0254 256.0 0.0254 256.0 0.4102 249.1 0.0254 256.0 
Cytochrome C 0.4746 247.0 0.4746 209.0 0.4219 232.3 0.4746 255.4 
EGF 0.0605 246.0 0.0605 256.0 0.0684 171.2 0.0605 255.6 
TGF 0.0137 29.0 0.0117 38.0 0.0117 42.7 0.0117 54.2 
PDG 0.4199 75.0 0.1934 32.0 0.1797 21.5 0.1934 29.8 
TNF 0.0527 119.0 0.0762 80.0 0.1445 38.5 0.0762 65.0 
Interleukin 0.0410 191.0 0.0957 192.0 0.1016 236.5 0.0957 182.5 
Myoglobi n 0.2539 255.4 0.0137 191.3 0.1270 256.0 0.4824 186.5 
Viral oncogene 0.1611 375.0 0.4844 368.0 0.1611 468.3 0.3115 236.5 
Proto-oncogene 0.0576 219.0 0.4189 260.0 0.1641 222.7 0.4189 196.0 
Oncogene 0.0332 505.0 0.4180 512.0 0.1641 347.6 0.4180 458.9 
P53 0.1943 156.0 0.1494 348.0 0.0381 289.1 0.1494 401.2 
 

Proceedings – 23rd Annual Conference – IEEE/EMBS Oct.25-28,  2001,  Istanbul,  TURKEY 

 


	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


